Newton's method of iteration is used along with the the P N method, also called the spherical-harmonics method, and Hermite cubic splines to develop an iterative solution to a class of nonlinear problems in radiative transfer. Anisotropic scattering and specularly and di usely re ecting boundaries are allowed for the steady-state, combined-mode, conductive{radiative, heat-transfer problem considered.
Introduction
In a recent paper, Siewert and Thomas 1 used a computationally stable version of the P N method 2 and Hermite cubic splines to solve a steady-state problem in combined mode, conduction and radiation, heat transfer that was formulated by Oz s k. 3 Although in Ref. 1 , some good numerical results were obtained from a method based on a simple iterative procedure, the authors mentioned that there were cases where that iteration scheme failed (in a very spectacular manner). Here we follow some recent work of Kelley 4 and use Newton's method to de ne our method of iteration. Since this work is, except for the method of iteration, very similar to Ref. 1 , we assume that Ref. 1 is available, and so our presentation here is brief.
We consider the equation of transfer written 3 
where 0 = 1 and j l j < 2l + 1 for l 1. In regard to the boundary conditions, we note that s and d , for = 1 and 2, are coe cients for specular and di use re ection and that = 1 ? s ? d , = 1 and 2, are the emissivities for the two surfaces. In addition n is the index of refraction and is the Stefan-Boltzmann constant.
The nonlinear aspect of this problem comes from the fact that the temperature distribution T ( ) appearing in Eq. (1) must satisfy the heat conduction equation 3
subject to the boundary conditions T (0) = T 1 and T ( 0 ) = T 2 , where T 1 and T 2 are the temperatures that also appear in Eqs. (2) . In addition, k is the thermal conductivity of the medium, is the extinction { 2 { coe cient and q r ( ) is the radiative heat ux, i.e. 
2. Basic Development
To follow a tradition in the heat transfer literature, 3 we normalize the considered problem by introducing a convenient reference temperature T r and by using
q r ( ) = n 2 T 4 r q r ( )
and
to rewrite our problem as is called the conduction-to-radiation parameter. 3 At this point, we choose to express the inhomogeneous source term
where we consider K to be odd and that the spline functions f k (x)g are as used in Ref.
1. Here, the coe cients fa k g are to be determined. It follows that we can write
where the basis problems, for k = 0; 1; 2; : : : ; K, are de ned by 
We can solve Eq. (11) to nd For our initial approximation we take a 0 as obtained by using a linear temperature distribution to de ne a rst approximation of the source term of S( ).
Assuming that we have found a converged result from Eq. (28), we can use Eqs. (15) and (16) to nd the required normalized temperature distribution, viz.
We can then di erentiate Eq. (30) and compute the normalized conductive heat ux from
The normalized radiative heat ux can be evaluated from 
and nally the normalized total heat ux is given by
Numerical Results
To have a speci c scattering law for testing our solution technique, and to avoid having to provide a (35) { 6 { To make available some numerical results that have been obtained with the Newton method of iteration discussed here, we consider the four test problems de ned in Table 1 . As we wish to solve problems here that we were unable to solve with the iteration procedure used in Ref. Our converged results for the normalized temperature distribution and the normalized heat uxes are given in Tables 2{5. Having varied the order of the P N approximation, the number of Hermite splines used and the number of Gauss points used to evaluate some integrals over the spline functions, we have some con dence that the results given in Tables 2{5 are correct to within one unit in the last digit given.
To conclude this work we would like to record a few remarks. In regard to the existence and uniqueness issues mentioned in Ref. 1 , we note that Kelley 4 has provided existence and uniqueness theorems that apply to our problem for the case of isotropic scattering and non-re ecting boundaries; we note also that work aimed at extending those theorems is continuing. 4 Also, as we have no proof that the Newton iteration scheme we use actually converges, we can only conjecture that the results given in Tables 2{7 are correct . Finally, we must conclude that Newton's method of iteration is, in general, vastly superior to the simple iteration scheme used in Ref. 1, and so it is clear that Newton's method can also be used to extend the class of problems solved for spheres and cylinders in Refs. 7 and 8. 
